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ABSTRACT 


Additional morphological, phenological, and molecular data were obtained for Arceuthobium gillii and A. nigrum from throughout then geo¬ 
graphic distributions in northern Mexico and southern Arizona. Multivariate analysis of variance (MANOVA) and discriminant function 
analysis demonstrated that A. gillii and A. nigrum are distinguishable morphologically. Discriminant function analysis also .ndtca.ed that 
the dimensions of the third internode (length and width) and basal diameter of female and male plants contributed most to the classification 
and predication of species. Significant differences in plant height (female and male) as well as flower and fruit dimensions were a so evident 
between these dwarf mistletoes, A. nigrum having larger dimensions for each of these characters. Although A. nigrum purportedly flowers 
twice annually (spring and fall), our observations indicated that the period of anthesis for this mistletoe occurs only once 
early winter. In contrast, A. gillii flowers in the spring; thereby, suggesting that these taxa likely are repro active y iso ate . 
analyses of nucleotide sequences of the rDN A interna, transcribed spacer (ITS) region delineated both ta.xa. resolving A. g.llu to a monop V 
fetic clade strongly supported by bootstrap and Bayesian credibility values. Collectively, A. gillii and A. nigrum are well-defined morphologi¬ 
cally and distinguishable molecularly, supporting the classification of these taxa at the specific 
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co—Pinus leiophylla Schiede ex Schlechtendal &r Chamisso, P. chihuahuana Engelmann, and P. lumholt^j B.L 
Robinson & Femald. However, A. nigrum was raised to the specific rank by Hawksworth and Wiens (1989) 
based on morphological discontinuities with A. gillii; particularly, its larger and dark-green to black plants. 
Moreover, A. nigrum reportedly has two flowering periods (March-April and September-October; Hawk¬ 
sworth & Wiens 1989) while A. gillii flowers once annually (March-April; Hawksworth & Wiens 1996). Nev¬ 
ertheless, these species remain difficult to distinguish from each other particularly in high-elevation pine for¬ 
ests of central Durango, Mexico (Hawksworth & Wiens 1989,1996; Mathiasen et al. 2008). 

Because of the morphological similarities and host affinities of A. gillii and A. nigrum in northern Mexico, 
the geographic distribution of these dwarf mistletoes has remained unclear (Mathiasen et al. 2003, 2008, 
2010). We, therefore, have been gathering additional morphological measurements and phenological observa¬ 
tions since 1999 from Mexico as well as southern Arizona. According to previous work by Nickrent et al (1994, 
2004), A. gillii and A. nigrum can be readily distinguished molecularly via DNA analysis of the nuclear ribo- 
somal internal transcribed spacer (nrlTS) region. Therefore, we examined newly generated ITS sequences for 
A. gillii and A. nigrum to better assess species boundaries and the geographic distribution of these mistletoes in 
Mexico. Herein, we report the discriminatory morphological characters and phenology differences between A. 
gillii and A. nigrum as well as our nrlTS analyses for both species across much of their geographic ranges. 


METHODS 


Morphological and Phenological Comparisons 


To compare mira-and interspecific morphological characteristics of A. gillii and A. nigrum, we sampled 7 
populations of A. gillii in southern Arizona and northern Mexico and 15 populations of A. nigrum from central 
and northern Mexico (Fig. 1 ). Plants were also collected and measured from the type localities (populations) 
for A. gillii and A. nigrum in Cochise County, Arizona, and Durango, Mexico, respectively (Hawksworth & 
Wiens 1964, 1965) (Fig. 1 , locations 3 and 9). Ten to twenty male and female plants were collected and the 

dominant shoot from each plant was used for morphometric analyses. Plant characters measured were those 
used previously by Hawksworth and Wiens (1996) for the rUrafi™.;-r a m snn: (1) 
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*■ 1. Approximate locations of populations sampled for Arceuthobium gillii (open circles) in Anzona and Me»« »d1 A. n/ 9 
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controls and blank reactions (i.e., minus genomic DNA) were also included in each PCR run as checks for 
cross- and environmental contamination of template DNA, respectively. 

Amplicon size for individual PCR products was checked via electrophoresis in 1.2% (wt/vol) agarose gels 
followed by ethidium bromide staining (1.2 mg/L 0.5X Tris-acetate-EDTA [TAE]) and visualization under ul¬ 
tra-violet fluorescence. PCR product(s) of A. gillii and A. nigrum were purified using the Wizard® Preps PCR 
DNA purification system (Promega) and the reagent ExoSAP-IT® (USB Inc.; 0.4 pL/pL of amplified DNA), re¬ 
spectively. Each amplicon was normalized (130 ng/reaction) and sequenced bidirectionally using an ABI3730 

DNA sequencer (AppliedBiosystems), the referred primers (18s 1830 for and 26S 40rev), and a BigDye termina¬ 
tors DNA sequencing kit (Applied Biosystems). 


Phylogenetic Analyses and Variability of the ITS 

ITS sequences were assembled and edited using CodonCode Aligner (CodonCode Corporation), and con¬ 
firmed as belonging to the genus Arceuthobium by BLASTN and comparison (nucleotide identity) to authenti¬ 
cated ITS sequences (Nickrent et al. 2004; Mathiasen et al. 2012). New DNA sequences generated for this study 
were deposited in GenBank (accession no. KC543492-KC543496). For phylogenetic analyses, a dataset was 
constructed consisting of the newly generated ITS sequences for A. gillii (KC543492-KC543494, KC543496) 
and A. nigrum (KC543495) as well as previously published sequences of each taxon (A. gillii L25689; A. nigrum 
AY288271, JQ723481-JQ723485. L25693) (Nickrent et al. 2004; Mathiasen et al. 2012 ). The dataset was then 
complemented with ITS sequences (outgroups) of A. oaxacanum (AY288273) and A. yecorense (AY288288) - 
sister taxa to A. gillii and A. nigrum (Nickrent et al. 2004). Sequences were aligned with the multiple sequence 
alignment option implemented in Clustal X v2.1 (Larkin et al. 2007), and the final alignment inspected in Co¬ 
donCode Aligner. Maximum-likelihood (ML) analysis was performed using PAUP* 4.0bl0 (Swofford 2003) 
and the best model of sequence evolution (Hasegawa-Kishino-Yano plus invariant sites [HKY+I]; Hasegawaet 
al. 1985) selected by the Akaike Information Criterion (AIC; Akaike 1974) as implemented in jModeltest 0.1.1 
(Posada 2008). Likelihood settings corresponding to the HKY+I model were as follows: Iset base = (0.3026 
0T618 0.2074), nst = 2, tratio = 2.5765, rates = equal, and pinvar = 0.7820. All nucleotides were included in the 

mrv?^ enet * C ana ^ S * s an ^ ® a P s were treate d as missing characters. The heuristic search was performed with 

1000 random-addition-sequence replicates (RAS), tree bisection-reconnection (TBR) branch swapping, and 

TREES in effect. Branch support was evaluated using 1000 bootstrap replicates and 100 RAS per 
pseudo-replicate. 
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formed using MrBayes 3.1.2 (Huelsenbeck & Ronquis, 2001) as well as the best model and associated likeli- 
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(Table 1). Discriminant function analysis indicated that the most important morphological traits delineating 
A. gillii and A. nigrum were the third intemodal length of female plants (DFC = -7.97), basal diameter of male 
(DFC = 5.53) and female plants (DFC = -5.03), and, the third intemodal width of female (DFC = 3.95) and male 
plants (DFC = 3.81). Other morphological characteristics such as the diameter of 4-merous flowers (DFC = 
2.51). female plant height (DFC= -2.29), staminate spike length (DFC = -2.13), male plant height (DFC = -2.13), 
seed length (DFC = -1.93), third intemodal length of male plants (DFC = 1. 68 ), and anther diameter (DFC = 1.0) 
also significantly contributed to the discrimination of A. gillii and A. nigrum. The remaining flower, fruit, and 
seed characteristics contributed the least to the discriminant function (DFC< 11-01). Percent classification to 
the correct species using either a full-model (all 20 morphological characteristics) or reduced mode consist 

mg of the five, most discriminative characteristics described above was 100 % ( 200 / 200 ). 

Examining the morphometric results, male plants of A. gillii (mean = 12.3 cm) were significantly shorter 
than those of A. nigrum (mean = 24.3 cm). Similarly, female plant height of A. gillii (mean = 14.2) was also stg- 
nificantly smaller than female plants of A. nigrum (mean = 19.6 cm)— approximately 5 cm shorter on average^ 
The basal diameter and third intemodal length and width of male and female plants, ower lameter an 

. i • ^:c. _ .u, r™- A <ri ii whpn compared to 
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A. nigrum (Table 1). Although mean staminate spike length 
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significantly different using a posteriori contrast comparisons (a=0.05). Plant heights in cm and all other measurements in mm 


were 


Character 


Plant Height 
’ I Male 
Female 

Basal Diameter 
Male 
Female 

Third Internode Length 
Male 
Female 

Third Internode Width 
Male 
Female 

Staminate Spike Length 
Staminate Spike Width 
Flower Diameter 

3- merous 

4- merous 
Petal length 
Petal width 
Anther Diameter 
Anther Distance from Tip 
Fruit Length 

Fruit Width 
Seed Length 
Seed Width 


Mean (range) by Taxon 


ANOVA, Significance level 

A. gillii 

A. nigrum 

F 122 a — 138.00, PcO.OO01 

12.3 A (7.3-21.6) 

24.3 B (10.3-53.5) 

F I2 _= 61.62, P<0.0001 

14.2 A (7.9-28.4) 

19.6 B (9.3-37.2) 

F l22a = 178.90, PcO.OOOl 

4.0 A (2.4-6.5) 

7.0 B (4.4-12.5) 

F |228 = 338.97, PcO.OOOl 

5.3 A (2.9-8.S) 

7.8 B (4.1-13.1)' * 

F, 223 = 175.50, PcO.OOOl 

10.6 A (6.1-16.7) 

16.8 B (11.6-28.7) 

F i.22a= 30.46, PcO.OOOl 

13.8 A (7.8-22.3) 

16.5 B (11.8-31.8) 

F I228 = 391.89, PcO.OOOl 

3.2 A ( 2 . 1 -5.0) 

4.9 B (4.0—7.8) 

F 1223 = 102.49, PcO.OOOl 

4.2 A (2.6-6.6J 

5.5 B (4.4-9.6J 

F, 398 = 100.84, PcO.OOOl 

15.3 A (6.9-25.6) 

20.6 B (8.1-33.3) 

f 1 , 398 = 1 51, P=0.2193 

2.9 A (2.1-3.5) 

2.9 A (2.4-33) 

F 1 , 198 = f 03.71, PcO.OOOl 

2.8 A (2.1-3.5) 

3.2 B (2.7-4.0) 

F ,, 9 a= 431.27, PcO.OOOl 

3.6 A (3.1-4.5) 

4.8 B (3.6-5.4) 

F U98 = 236.72, PcO.0001 

1.4 A (1.0-1.8) 

1.7 B (13-2.3) 

f i. 39 a= 158.37, PcO.OO01 

1.2 A (0.9-1.5) 

1.4 8(0.8-1.9) 

f i. 39 a= 161.67, PcO.OOOl 

0.6 A (0.4-0.8) 

0.8 B (0.5-1.1) 

.398= 124.10, PcO.0001 

0.4 A (0.2—0.7) 

0.5 B (03-0.6) 

f i.i 98 = 177.83, PcO .0001 

5.8 A (4 6-7.2) 

6.9 B (5.2—8.8) 

F, , )98 = 118.42, PcO.OO0 1 

3.6 A (2.8-4.4) 

4.1 B (3.4—5.0) 

F] ' 99 ~ 97.60, PcOXXWI 

2.8 A (2.0-3.3) 

3.1 B (27-3.9) 

Fi,i 98 = 55.82, PcO.OOOl 

1.4 A (1.1-1.6) 

1.5 B (13-1.9) 



mens in mm 0l09ICal meaSUrenWntS for Arceuthoblm and A. nigrnm reported by Hawksworth and Wiens (19%). Plant heights in cm and all other measure- 
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Male and female plants combined 


A. gillii 


, M 0 m ! a " was provided b * Hawksworth and Wiens (1996), only „ lalK 
No other flower measurements (e.g., 4-merous, anther diameter, etc) 


A. nigrum 


Plant Height* 

Basal Diameter* 

Mean Third Internode 

8-15 b (Max. 25) 

4.0 (2.5-8.0) 

1S—35 b (Max. 45) 

5.0 (3.0-8.0) 

Length 

Width 

Plant Color 

Mean Flower Diameter 
(3-merous flowers) 

Anthesis 

Seed Dispersal 

Fruit 

10.7 (5.0-18.0) 

2.8 (2.0—4.5) 

Greenish-brown 

33 

March-April 

October 

10.8(5.0-19.0) 

37(2.5-6.0) 

Dark brown-green, dark brown, black 
3.5 

March-April, September-October 
September-October 

Length 

Width 

4.0-5.0 b 

2.0-3.0 b 

7.0 (6.0-9.0) 

Seed 

3.5 

Length 

Width 

3.1 

1.4 

3.5 


1.3 



a range. 


were reported by Hawksworth and Wiens (1996). 
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il recently by Mathiasen et al. (2012). The reasons) for why 




Kenaley and Mathiasen, Arceuthobium gillii and A. nigrum revisited 


317 



fa 2* Staminate plants of Arceuthobium nigrum in October in Durango, Mexico 


. Note the dark red flowers with 3 or 4 perianth lobes. 
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■should be utilized by field botanists and forest 
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or —a phenotypic characteristic unaffected b\ plant ag<- 
health specialist alike for differentiating A. nigrum and A. gilln. 

m I 

7™°^ , , . . anthesis) appeared also to be a delineating charac- 

ccording to our observations, flower phenology (pen rhihuahua Mexico A. gillii flowered in early- 

l««n A. gillii and A. nigrum, in southern Amona ■ Z ^ ^ 

March, or as late as May in some years, and terminated y '‘ e P ( Ited two (lowering peri- 

amtually beiween September and January. Hawksworrh and Wrens *«« ^ ^ 

“k-March-April and September-October-for ^ ^ ncvt . r ^ „ e u documemed. We, 

erbanum specimens, a spring flowering period for t is including the type-locality in Du- 

erefore, examined numerous populations of A. ™ , m ear i y . A pnl 2011; no open, staminate 

^ngo, Mexico, in mid- to late-March 2003,2005, an . - ^ periods staminate flowers were not ap- 

°^ers were evident. Moreover, within the same oca i lotions in 1999—2010, however, revealed 

Poaching maturity. Periodic fall surveys of the same A. nigrum P°P ^ ^ ^ inlo November in Durango, 

at tllis dwarf mistletoe flowered starting m mid-Septem ^ r ^ ^ ^ ^htlv later (mid-Septem- 

1 kxico, and peak (lowering occurred in car 
ber)- ... 


has 


> m central Mexico and continued into January, y c . r ^ indicated that A. nigrum began dispers 

remained uncertain. As with the advent of flowenng, our o serv OV ember in Durango as well a 

»g*ed iu early-September. peaked in mid-October, and conunued 
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Fk. 3. Staminate plants of Arcerthobum gillii in late-Mardi in southern Arizona. Note the green flowers with 3 perianth lobes. 


central Mexico. Likewise, seed dispersal by A. gillii initiated in early September and peaked in early-October. 
These phenological observations for seed dispersal of A. gillii and A. nigrum were consistent with those previ¬ 
ously reported (Hawksworth & Wiens 1996); however, they were not taxonomically informative between 

<;n<>ripc J 


species. 

Molecular Identification 


Phylogenetic analyses of the ITS region for A. gillii and A. nigrum supported the morphological data, effectively 
delineating species as all nfantc diagnosed**_ u -' 1 _» . - ... 


while the 


f - _ * O-“/ ltDUIVCU IU d lllUUUUll 

. e size o t e region (ITS1-5.8S-1TS2) for each sequence of A. gillii and A. nignun was 600 bp wnue u- 

U '"\[ ; Wpl!C '' r ? er t ? X ° n C ° nSlSted ° f 623 b P with a Partial sequence of the 18S (4 bp) and 26S (19 bp) located 
at t e an -en , respectively. The mean interspecific genetic distance (HKY+I) for both A. gillii (n = W 
pairwise comparisons) and A. nigrum (n - 21 pairwise comparisons) was 0.0018 sut 


distinguishable 


.0 nucleotide. Although 


mean nucleotide divergence (n) within species for A. gillii as well as A. nigrum was 1 
I t * * | . n , ^ analysis, ottr results suggested that A. nigrum and A. gillii are more closeh 

and R P 7 ° 8en T! C y P reViOUsIy demonst rated by Nickrent et al. (2004). The alignment used for M 

and A wforum nriliW ^ A ‘ yecorense and A oxacanum as well as sequences of A. fflfo 


mgrum utilized in Nickrent et al. 2004—consisted of 2 , 


parsimony-uninformative, and 56 parsimony-informative. The combined ML and Bayestar 
strongly supported a single-cladefcnmm^mv,^. . posterior probabil 

with the latter resolvino tn * ri; r ,„„,i„ mnnophvlcti ( 


00) consisting of A. nignim and A 



subclade (bootstrap value 94%; posterior probability 1001 Tk * Y Z "rwi* 

prooaDum l.l ). , he mean genetic distance f HKY+L n = 49 pairwi^ 
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1023 (KC543496) 


1027 (KC543493) 


94 


RLM 1024 (KC543494) 


1.00 


RLM 1029 (K.C543492) 


A.gillii DLN 1663 (L25689) 


A. nigrum RLM 0779 (JQ _.'481) 


A. nigrum DLN 2019 )AY 288271) 


100 

1.00 


RLM 1105 (K.C543495) 


A. nigrum RLM 0781 (JQ723484) 


100 


1.00 


A. oaxacanum (AY288273) 


A. nigrum Ri.M 076-> (JO - '482> 


A. nigrum RLM 1082 (JQ723485) 


, nigrum RLM 0778 (JQ723483) 


A. nigrum DLN 2041 (L25693) 




■*yecorense 
0.01 



It 4 . 


, ■ ._ik <LPnii(>nces of Arceuthobium gillii and A. nigrum, and the 

5**" *^ *•■ «**»■ «“»■**<■» “i,"’ "Z OToiutiod. Humbeis abovebrandies indkate Ml taoBTOp '«*«■>»* 


wtgraup taxa, A. yecorense mi A. oaxacanum using a HKY+I model of sequence wlutw^^ Collector abbreviations RIM and DLN are 

Wer 10 3 replicates), numbers below are Bayesian posterior probabilities > 1 (a » • number e GenBank accession nu.nbersfor each sequence are 
for Robert L Mathiasen and Daniel L Nickrent, respectively, and precede assigned vo _ £0 „ eft ions/accessions are provided in Fig. 1 (bold), 

provided in parentheses (GenBank Accession no.). The geographical ongmof A.01** "9"" 

.« a mHii and A. nigrum was 0.0083 substotoUonsAnc 

comparisons) and mean nucleotide divergence (n) betwee • ® • ise comparisons between A. gillii 

2 « ™“- -pec.ive.y, Forly-eighi of and were separared by approx,- 

A. mgrum shared 100% nucleotide identity (207/20 lT o_notablv consistent A/G nucleotide 

ately five or fewer substitutions across the 5.8S rRNA genetic distance (HKY+I; n = 4 pairwise 

l3nges at Positions 335, 421, 457, and 535. In contrast, ^ xqxiences 0 ( A . gillii and A. nigrum 

1 ®P®risons) and nucleotide divergence between our new > g ,, /c ie 2 in Nickrent etal. 2004) was 

“ sequence (GenBank L25693) unbred by Nickren, A ^ and 

^6 substitutions/site and 19.3 nucleotides, respective y- ^ ^ present study when comparing the 

ut of A. nigrum 
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fCturcruv -- 

2041 - species or potential hybrid—remains 


assessed (S.C. Kenaley & Mathiasen 
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nigrum presented herein, as well as in Mathiasen et al. (2012), should be utilized for future species-level identi¬ 
fication in lieu of A. nigrum DLN 2041. Moreover, additional phylogenetically informative molecular markers 
(e.g., single-copy nuclear genes; Duarte et al. 2010) and multigene analysis should be examined to further re¬ 
solve the genetic relationships of A. gillii and A. nigrum. 

Hosts . , 115 * * ,a . ' 1 

Our examination of host affinities for A. gillii and A. nigrum did not reveal any additional host-mistletoe com¬ 
binations. Principal hosts of A, gillii included those already reported by Hawksworth and Wiens (1964,1965, 
1989, 1996) such as Pinus chihuahuana , P. leiophylla , and P. lumholtzii. Arceuthobium nigrum in Durango was 
most often found parasitizing P. chihuahuana, R leiophylla , and P. lumholtziU as well as P. teocote Schiede ex 
Schlechtendal Chamisso; all pines were described previously as principal hosts (Hawksworth & Wiens 
1996). Although P. artzonica Engelmann and P. cooperi Blanco are reported rare hosts of A. nigrum in northern 
Mexico (Hawksworth & Wiens 1996), we did not observe either host-mistletoe combination during the course 
of our work in that region of Mexico. However in central Mexico, A. nigrum was most frequendy encountered 
on P. teocote , and at several localities in Hildago and Puebla, we often found P. patula Schiede ex Schlechtendal 
& Chamisso as a secondary host. Arceuthobium nigrum was also found on P. pseudostrobus Lindley — an occa¬ 
sional host (Hawksworth & Wiens 1996); however, other occasional hosts of A. nigrum such as P. montezumdf 

. o 

. . Lambert, were not observed. This was disappointing as we purposefully examined forested sites in the 
States of Hidalgo and Veracruz where Hawksworth and Wiens purportedly found A. nigrum infecting P. mont- 
ezumae, finding only P. teocote severely infected with A. nigrum. The status of P. montezumae as a principal host 
of A. nigrum, therefore, requires future examination and confirmation. Similarly, Hawksworth and Wiens 
(1989,1996) reported A. nigrum on P. lawsonii Roezl ex Gordon & Glendinning and P. oaxacana Mirov in the 
States of Oaxaca and Chiapas; however, recent evidence has indicated that these pines in southern Mexico 
were infected with A. hondurense Hawksworth & Wiens (Mathiasen et al. 2003; Mathiasen et al. 2012). There¬ 
fore, the host and geographic distribution of A. nigrum likely does not include P. lawsonii or P. oaxacana, and 
i!' i s mistletoe does not extend into Oaxaca or Chiapas. 

Geographic Distributions 

Arceuthobium nigrum is primarily distributed geographically along the Central Volcanic Cordillera of central 
Mexico and north into Durango (Mathiasen et al. 2010,2012). Although Hawksworth and Wiens (1989.1996) 
reporte t at A. gillii and A. nigrum occur in the same mountain range near Tepehuanes, Durango, our observa- 
tions an co ections of plants from the same locations examined by Hawksworth in 1987 (Hawksworth & 

Un ; uk not ' upport this report. Al; oi - ne populations we examined in the Tepehuanes area repre- 

e c ^ osest - ar *d thus far, only populat in of A. gillii we found to date in Durango was near la 
Quebrada immediately south of the border with the State of Chihuahua (Fig. 1, location 7). Therefore, the 

common dwarf mistletoe on P. leiophylla and R chihuahuana in Durango is A. nigrum, while A. gilHi was the 

most requent war mistletoe on these pines in Chihuahua; we have not observed A. nigrum in Chihuahua 

us . i ewise, a t oug A. gilln may be found to be sympatric with A. nigrum in Durango, we have not 
observed these mistletoes in the same pine stand or general location. 


SIMMAJtY 


raarizedTn P TaH'°i P l h >l08 ' Cal | f * enolo S ical dlf f«ences distinguishing A. gillii from A. nigrum « suB 
rZU! It tZZ .**!*•* fruits of A giliii are significantly smaller than lh<* « 
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‘trr.iaie ul nut h soecies that appear a! mos* bkick t 

« i u i. j . ' -a 3uitv igsexual dimorphic- 11 

nsely branched and compact and male plants arp __^.1 and 3 


. — «^-ie plants ot both spe 

relatively wide staminate spikes (ca. 3.0 mm) and demonstnat 
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Hawksworth Sr Wiens 1996). Funhermore, bothspecies have srrikingly gl 
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1ml Principal 
in mm; maximum size measured in parentheses 


. nigrum . Mean plant heights in cm and all other means 



Character 

A. gillii 

A. nigrum 

Plant Height 

Male 

12.3(21.6) 

243 (53.5) 

Female 

14.2(28.4) 

19.6 (37.2) 

Basal Diameter 

Male 

4.0 (6.5) 

7.0(12.5) 

Female 

5.3 (8.5) 

7.8(13.1) 

Third Internode Length 

Male 

10.6 (16.7) 

16.8(28.7) 

Female 

13.8 (22.3) 

16.5(31.8) 

Third Internode Width 

Male 

3.2 (5.0) 

4.9 (7.8) 

Female 

4.2 (6.6) 

5.5 (9.6) 

Flower Diameter 

3-merous flowers 

2.8 (3.5) 

3.2 (4.0) 

4-merous flowers 

3.6 (4.5) 

4.8 (5.3) 

Rower Color 

Green or Green-yellow 

Red 

Fruit 

Length 

5.8 (7.2) 

6.9 (8.8) 

Width 

3.6 (4.4) 

4.1 (5.0) 

Anthesis 

March-April 

September-January 

Seed Dispersal 

October 

September-October 



>1* same hosts in northern Mexico. However, the mean sizes of all the morphologtcal characters we examined, 

escept staminate spike width, are significantly smaller for A. gillii, which has green, not red flowers (compare 

Hgs. 2 and 3), and flowers in the spring and not the fall. Therefore, these taxa can be d 'snnguished from each 

ether by plant size, flower size and color, fruit size, and flowering period (Table 3) and should be treated as 
. - * *iii-primarily wi similar erowth 


determine 


uaoit and plant color so it is necessary to examine many r f . . n . T f 

“»d fruit dimensions for at least a small sample of these parameters and observe if male P hn “ ar ' J’"'" ®. 
■* plants are flowering, .hen .he color of .he flowers (green or red) and season (sprtng or MO wfH posmvely 

■tfeiutfy if the population represents A. gillii or A. mgrun ■ southern Arizona and 


knovvle 


nigrwti 


I " mexico south to tar northern Durango, vx ^ “ 2010 m2 ). Ther efore, it should 

epehuanes south as far as Puebla, Tlaxcala, and Veracruz ( onna) hased on herbaria records 

^ noted that most of the populations of A gi W reported by Mathiasen et al. (2008) based 

from southern and central Durango probably represent populations o A. g 
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